Abstract Perennial kale is a rare leafy vegetable and forage crop that is mainly vegetatively propagated and therefore expensive to conserve ex situ. A genebank collection of 47 perennial kales and 34 reference samples from the main Brassica oleracea crop types were characterized with seven microsatellite markers in order to verify potential redundancies and to obtain more insight in the position of perennial kales within B. oleracea. Based on the obtained results and on data from previous studies, the collection was reduced with 49% to 24 perennial kales. Considering this level of reduction, it was estimated that the investments made for the final verification by microsatellite analysis are returned after only 4-year time. A principal coordinate plot clearly separated the perennial kales from the other crop types of B. oleracea, except in one case. This deviating accession of vegetatively preserved perennial kale clustered closely together with the single seed-preserved accession of perennial kale included in the study. These two accessions occupied an intermediate position between the group of vegetatively propagated perennial kales and the group of seed-propagated Brassica accessions, suggesting a hybridization background with another B. oleracea crop type. The microsatellite study demonstrated a close genetic relationship among the investigated perennial kales and their unique position within B. oleracea.
Introduction
Perennial kale (Brassica oleracea L. var. ramosa DC.) is considered one of the first domesticated crops of wild kale. This leafy vegetable and forage crop shows a strongly reduced flowering ability, which is generally believed to have resulted from a long and intensive selection process for high-leaf production (Zeven et al. 1989 ). In the past, perennial kale has probably been widely distributed in Western Europe, but the crop has gradually declined in occurrence in this area. Nowadays perennial kale is a rare crop that can still be found in parts of Ireland, Scotland, The Netherlands, Belgium, France, Germany, and Portugal. Outside Europe, the crop has been observed in Brazil, Haiti, and Ethiopia (Zeven et al. 1996) . It has been suggested that perennial kales occupy a unique position within B. oleracea (Zeven et al. 1996) , but no experimental studies to investigate the genetic relatedness to other crop types within the species have been reported.
Perennial kales are ex situ conserved in at least two locations. At the Centre for Genetic Resources, The Netherlands (CGN), a collection of 47 perennial kales originating from France, Belgium, and The Netherlands is maintained. Because of the reduced flowering ability, this collection is kept in vivo, requiring vegetative propagation on a continuous basis. In addition, CGN possesses a single seed accession of perennial kale that probably has originated from cross pollination between perennial kale and another B. oleracea crop type (I. Boukema, personal communication). A duplicate of CGN's vegetative collection, extended with a few Portuguese accessions, is maintained at the Leibniz Institute of Plant Genetics and Crop Plant Research Gatersleben (IPK) in Germany (Zeven et al. 1998) .
Compared to seed collections that are stored in freezer facilities and that require seed multiplication only once every 20-50 years, in vivo collections are quite expensive to maintain. Storage and regeneration of CGN's vegetative collection of perennial kales required *2,800 euros in 2004. A more efficient conservation may be achieved by eliminating duplicates, but the economical benefits depend on the investments necessary to identify redundancies and the savings resulting from a reduced collection (van Treuren et al. 2001 (van Treuren et al. , 2004 van Treuren and van Hintum 2003) .
Based on the mainly vegetative reproduction, it has been suggested that genetic variation in perennial kale may be rather limited. This hypothesis was confirmed by isozyme, RAPD, cytological and morphological investigations (Zeven et al. 1996 (Zeven et al. , 1998 and suggested that CGN's vegetative perennial kale collection could be reduced to 15 accessions. However, verification of these results with high-resolution techniques was suggested before taking any final decisions about rationalization (Zeven et al. 1998) . In the present study, microsatellite markers were used to characterize the collection. Due to their high level of polymorphism, microsatellites are informative markers that can be used for many population genetic purposes, ranging from the individual level (e.g., clone and strain identification) to closely related species (Queller et al. 1993; Jarne and Lagoda 1996) . The microsatellite data were analyzed in coherence with the existing data from previous studies, aiming at the identification, and elimination of redundancies. Furthermore, the microsatellite data obtained for perennial kales were compared to those of a reference set of accessions representing the main crop types of CGN's B. oleracea collection in order to obtain more insight in the position of perennial kales within this species.
Material and methods

Study material
CGN's entire collection of 47 vegetative perennial kale accessions was included in the present study. In previous studies, these accessions have been examined for chromosome number (Zeven et al. 1989) , isozyme variation, leaf color pigmentation, and flowering behavior in three different years (Zeven et al. 1996) , RAPD variation and morphological characteristics (Zeven et al. 1998) . Based on these studies, a main clone type consisting of 20 accessions could be distinguished, whereas three other clone types included 8, 5, and 3 accessions, respectively (Table 1) . Apart from two accessions that could not be classified because of missing values, the other clone types were represented by only a single accession. The majority of accessions deviated from the main type by only a single character. Accession 29 was the most deviating accession from the main clone type as four of the six characters were different (Table 1) . Based on this classification, 32 accessions were considered potential redundancies. In addition to the group of 47 vegetative perennial kales, 34 reference accessions were included in the study, comprising all the main crop types from CGN's seed collection of B. oleracea (Table 2 ). These references were chosen based on wide diversity and consisted of 1-4 accessions per crop type. Group M was represented by CGN's single seed accession of perennial kale. This accession was received as a seed sample from the Foundation of Plant Breeding (Wageningen, The Netherlands). It has been suggested that this seed sample has resulted from cross pollination between perennial kale and another B. oleracea crop type (I. Boukema, personal communication). Despite several efforts, seed multiplication of this accession using CGN's standard regeneration protocol for Brassica has so far been unsuccessful.
Molecular analysis
From a single individual of each accession *100 mg of fresh leaf tissue was collected, immediately frozen in liquid nitrogen and stored at À80 8C until use. Total genomic DNA was extracted from freeze-dried leafs using a combination of the methods described by Fulton et al. (1995) and the DNeasy 96 Plant Kit (Qiagen, Westburg, The Netherlands). Microsatellites were amplified by multiplex-PCR in two sets, including, respectively, the loci BoD003 (FAM), BoD006 (NED) and BoD021 (HEX), and the loci BoD005 (NED) BoD010 (HEX), BoD023 (NED), and BoE014 (FAM). These markers were developed at the Business Unit Biodiversity and Breeding of Wageningen University and Research Centre (Wageningen, The Netherlands). PCR was performed using a MJ PTC200 thermocycler and carried out in 20 ml reaction volumes containing 10 ng genomic DNA, 2 pmol of each primer, 100 mM of each dNTP, 10 mM Tris-HCL pH 9.0, 20 mM (NH 4 ) 2 SO 4 , 0.01% Tween 20, 1.5 mM MgCl 2 , and 0.4 U Goldstar Taq DNA polymerase (Eurogentec, Maastricht, The Netherlands). The amplification profile consisted of an initial cycle of 94 8C for 3 min, followed by 30 cycles of 94 8C for 30 s, 508C for 30 s, and 72 8C for 120 s, and a final extension cycle at 72 8C for 3 min. Fluorescently labeled PCR products were separated by capillary electrophoresis using an ABI Prism 3700 DNA analyzer (Applied Biosystems, Foster City, CA, USA). Fragment sizes and peak areas were determined automatically using the GENESCAN analysis software (release 1.1 3700 software, Applied Biosystems) and further processed with the software package Genotyper, Version 3.5 NT (Perkin-Elmer, Foster City, CA, USA).
Data analysis
Microsatellite alleles were denoted based on the observed number of base pairs of the PCR products. Genetic relationships between accessions were visualized by Principal Coordinates (PCO) using the software package Genstat (release 8.11). For this purpose, similarity values were calculated based on Jaccard's coefficient after transforming the microsatellite data to binary scores for allele absence and presence. 6, 12, 17, 19, 23, 27, 32, 34, 36, 37, 39, 41, 45, 49, 57, 58, 60, 61, 62 The main clone type is presented in the first row. The other accessions are classified according to the number of deviating characteristics (grey shaded cells) from the main clone type a Accession codes are identical to those used by Zeven et al. (1996 Zeven et al. ( , 1998 Genet
Results
Diversity among perennial kales
Within the group of perennial kales, 21 different microsatellite alleles were observed and seven different multilocus marker profiles could be distinguished among the vegetative accessions. Identical microsatellite profiles were observed for a group of 38 accessions, while accessions 38, 50, 58, 64, and 65 differed from this main type by a single marker (Table 3) . Accession 29 showed the largest deviation from the main microsatellite profile as different scores were observed for five of the seven markers. Unfortunately, accessions 1 and 25 could not be classified because of missing values. No data were obtained from accession 5, probably due to poor DNA quality. The microsatellite data indicated a Table 1 . Out of the total number of 32 potential redundancies identified in the previous studies concordance was found for 28 accessions (88%) based on the microsatellite data, indicating that the collection of 47 vegetative perennial kales could be reduced to 19. This level of reduction was probably slightly underestimated due to the occurrence of missing values.
Relationship with other Brassica oleracea crop types
Among the total number of 81 investigated accessions, a total of 72 microsatellite alleles were observed, ranging from 3 for marker BoD023 to 17 for marker BoD003. Allele 273 of microsatellite BoD006 and allele 250 of BoD010 that were common to perennial kales were absent from the other B. oleracea crop types examined. Other alleles observed in perennial kales ranged from rare to common within the group of other B. oleracea crop types. Perennial kale accession 861651 from CGN's seed collection displayed a remarkable resemblance with perennial kale accession 29 as they shared most of the alleles that were not seen in the other perennial kales (Table 3) . A PCO plot separated all but one of the vegetative perennial kales from the other B. oleracea crop types on the first principal axis that explained 26.4% of the total variation (Fig. 1) . Together, the two principal axes explained 33.7% of the total variation observed. Accession 29 clustered closely together with accession 861651 (indicated by ''M'' in Fig. 1 ) and occupied an intermediate position between the group of vegetatively propagated perennial kales and the group of seed-propagated Brassica accessions. Results of the PCO analysis were in line with the earlier suggestions that perennial kales occupy a unique position within B. oleracea and that seed accession 861651 has a hybridization background with another B. oleracea crop type.
Discussion
The vegetative accessions of perennial kale showed a close genetic relationship and suggested a common origin. Identical fingerprinting profiles were observed for the majority of accessions, while deviating accessions were different for only a single microsatellite marker, with the exception of accession 29. 6, 7, 8, 9, 12, 13, 15, 17, 18, 19, 22, 23, 24, 26, 27, 28, 32, 34, 36, 37, 39, 40, 41, 43, 44, 45, 46, 49, 51, 52, 54, 56, 57, 59, 60, 61, 62 This accession has probably a hybrid background with another B. oleracea crop type as it showed a high similarity with the investigated seed accession of perennial kale. Moreover, these two accessions were found intermediate between the group of other perennial kales and the group of other B. oleracea crop types in a PCO plot. Variation observed for the other perennial kales may have resulted from mutational events during the annual vegetative propagation. Variation between the perennial kale accessions was slightly higher based on previous characterization data (Table 1) . However, doubling of chromosome number has resulted from autotetraploidy (Zeven et al. 1989 ), which is not necessarily accompanied by novel variation. Furthermore, morphological characters may be influenced by environmental variation. For example, leaf color pigmentation in perennial kale is highly affected by stress factors (personal observations), while the flowering behavior was found to vary between years and between different vegetative cuts of the same accession (Zeven et al. 1996) . Rationalization of germplasm collections is an important aspect of plant genetic resources management because of genetic and economic considerations (Engels and Visser 2003) . Molecular marker technologies are thereby increasingly applied to identify or verify redundancies (Spooner et al. 2005) . Combined with cytological, morphological, and marker data from previous investigations (Zeven et al. 1996 (Zeven et al. , 1998 , the present microsatellite study indicated that CGN's vegetative collection of 47 perennial kale accessions could be reduced to 19 (40%). This was even considered a conservative number because a few accessions displaying missing values were regarded as different, while no distinction was observed from other accessions based on the available scores. In addition to the group of 19 accessions it was decided to maintain five redundant accessions in order to represent the main clone types by multiple accessions for safety reasons (accession 17, 26, 27, and 59 ) and because of differences in country of origin (accession 60). Consequently, the collection was reduced with 49% to 24 accessions (Table 4) .
Apart from an improved collection composition, rationalization may also result in economical benefits. However, whether return of investments can be expected depends on various factors, including the costs to maintain accessions, the costs to identify redundancies and the extent to which a collection can Table 2 ). The percentage of variation explained by the axes is presented in parentheses in the axis legend be reduced (van Treuren et al. 2001 (van Treuren et al. , 2004 van Treuren and van Hintum 2003) . The costs to maintain the collection of 47 vegetative perennial kales are *2,800 euros per year, while the total costs for the microsatellite study were 5,479 euros. Based on a reduction of the collection with 49%, this means that the investments made for the final verification by microsatellite analysis will be returned in only 4-year time.
In addition to rationalization, the maintenance of the perennial kale collection could also be made more economical in case seed propagation could be realized. Despite the existence of a perennial kale seed accession and the occasional flowering of perennial kale, this does not seem a realistic option. Several attempts to obtain seeds from flowering plants kept in vivo and to regenerate CGN's perennial kale seed accession have failed so far. The close genetic relationship observed among the investigated accessions may possibly indicate fixation of potential incompatibility genes that hamper seed propagation. This may not have played a role for the single seed accession of perennial kale that was shown to have likely resulted from hybridization between perennial kale and another B. oleracea crop type.
A clear separation between perennial kales and the other B. oleracea crop types was observed using PCO analysis, but within the latter group no clear differentiation was found. Considering the high levels of variation that have been reported within and between B. oleracea cultivar groups (Figdore et al. 1988) , larger sample sizes may increase the accuracy of genetic diversity estimates for the different crop types. Nevertheless, so far the microsatellite data supported the earlier suggestion of Zeven et al. (1996) that perennial kales occupy a unique position within B. oleracea. 
